This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the appHcant. 

Defects in the images may include (but are not limited to): 



• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J) 



Europaisches Patentamt 
European Patent Otfice 
Office europeen des brevets 



(11) 



EP 0 833 266 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(4 3) Oh\o gI Dubhcaiion 


(51) Intel 6 G06F 19/00 


01.04.1998 Bulletin 1998/14 


(21) AophCrttion .-rjrnbOf 97307453.7 




(22) DaiccI Minq 24.09.1997 




(84) Designated Contracting Slates. 


(72) Inventors- 


AT BE CH OE DK ES Fl FR GB GR IE IT LI LU MC 


• Wood, Michael A. 


NL PT SE 


Bothell. WA 98012 (US) 




• Roncalez, Pascal 


(30) Pnorily 25.09.1996 US 719360 


Bellevue, WA 98008 (US) 


(71) Applicants' 


• Pflugrath, Lauren S. 


SEattle, WA 981 17 (US) 


• Atlantis Diagnostics International, LX.C. 


• Souquet, Jacques 


Bothell, Washington 98041 (US) 


tssaquah. WA 98027 (US) 


• ADVANCED TECHNOLOGY LABORATORIES, 




INC. 


(74) Representative. Mercer, Christopher Paul et al 


Bothell, Washington 98041 (US) 


Carpmaels & Ransford 




43, Bfoomsbury Square 




London WC1 A 2RA(GB) 



(54) Ultrasonic diagnostic imaging system with universal access to diagnostic information and 
images 



(57) A nnedical ultrasonic diagrroslic imaging system 
IS orovided which is capable of being accessed over da- 
ta comnnunicaiion networks such as the Internet, mak- 
ing the ultrasonic innages diagnostic reports, and ultra- 
sound systcnn diagnostics information and operation ac- 
cessible to a conventional personal computer using 
commerciHily available software at virtually any remote 



location. In one embodiment, the ultrasound system can 
be remotely operated from the personal computer The 
inventive apparatus and techniques make it possible for 
physicians to remotely access, control, and perform di- 
agnoses using their ultrasound systems over a network 
such as the World Wide Web with no special hardware 
requirements. 
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Description 

This invcntton rolaics io improvements m uluasonic diagnostic imaging systems which enable an ultrasound sys- 
tem tO oe accessed or conirotlcd from h femote Iccaiion 

EP-A-97301270 1 describes an ultrasound system which is quickly and easily upgraded from a remote location 
Tnrough :wo way ccmmumcanon with the ultrasound system pertormance enhancements are remotely transmuted 
tind installoo wiihout ino need lor a serviceman's call The physician's diagnostic practice is enhanced by these quick 
and effective imcrcvemonts to his or her ultrasound system The present invention, among other things, provides a 
new lecrr.iq'jc 'or qu.-i ifyirg and icsitng sucn software upgrades for ultrasonic diagnostic systems worldwide 

An ?iG|unciive business to ulirasonic diagnostic imaging which made an appearance m the I990's is ultrasonic 
image management Ultrasonic imago management systems comprise soecialiecd workstations, ultrasound system 
interfaces, ultrasound image storage devices and networks which are intended to facilitate ultrasonic diagnosis oy the 
handling arid storage of ultrasound images oft-line Such systems are intended to allow the physician to accumulate 
images m a storage medium for later recall from the workstation for review and diagnosis. While uftrasomc image 
management systems can offer a valuable capability for installations with multiple intensively used ultrasound systems, 
they also require a considerable investment The modules and workstations of an image management system usually 
have prices ranging in the thousands ol dollars. Special installation is generally required and image management 
systems often employ proprietary hardware and software, which can act to limit thetr versatility. It ts desirable to provide 
the advantages of an ultrasonic image management system without these numerous drawbacks. 

In accordance with the principles of the present invention a medical diagnostic ultrasonic imaging system is pro- 
vided which can be remotely accessed, interrogated or controlled from vinuaify any place on the globe to provide 
information about its operating characteristics, patient images and reports, or even for remotely controlled system 
operation These capabilities may surprisingly be provided by commercially available software features and inexpen- 
sive personal computer hardware, making the capabilities easy to afford and use. Embodiments of the present invention 
describe techniques for modifying an uftrasonic diagnostic imaging system with inexpensive and readily available hard- 
ware and software, enabling the diagnostic information gathered through use ol the ultrasound system to be accessed 
from remote locations Construcied embodiments of the present invention are described which provide means for 
remotely accessing configuration information from the ultrasound system, running tests and diagnostics on the ultra- 
sound system from remote locations, and even the ability to remotely control the operation of the ultrasound system. 
Embodiments of the present invention can also provide many of the functions and features of commercially available 
ultrasound image management systems, but for only a tiny fraction of the cost of a typical image management system. 

A significant contribution of the ingenuity of the present invention resides in the adaptation of existing hardware 
and software to enable ultrasound systems to be accessed through an open architecture communication network, 
whereby image management capabilities may be provided through a conventional off-the-shelf personal computer with 
no special hardware, software, or expensive modifications. 
In the drawings 

FIGURE 1 illustrates in block diagram form an ultrasonic diagnostic imaging system which is constructed in ac- 
cordance with the principles of the present invention to operate over an internetwork, together with a personal 
computer which can exchange diagnostic and ultrasound system control information with the ultrasound machine; 
FIGURE 2 illustrates in greater detail the internetworking components of the ultrasound machine of FIGURE i; 
FIGURE 3 illustrates in greater detail the internetworking components of the personal computer of FIGURE 1; 
FIGURE 4 illustrates a VVeb home page of an ultrasound system constructed in accordance with the principles of 
the present invention as it appears when accessed over an internet from a remotely located personal computer 
or terminal; 

FIGURE 5 illustrates a patient directory Web page for a specific patient which is accessed through the Web hom.e 
page of FIGURE 4. 

FIGURE 6 illustrates an ultrasound imago Web page which is accessed through the patient directory Web page 
of FIGURE 5, 

FIGURE 7 illustrates h pHtient report Web page which is accessed through the patient directory Web page ol 
FIGURE 5 and displays an ultrasound image with no degradation in ultrasound imago quality 
FIGURE 5 tllustraies the mam menu ol a system diagnostics Web page which is accessed through the Web home 
page of FIGURE 4 

FIGURE 9 illustrates a configuration log Web page which is accessed through the system diagnostics page ol 
FIGURES ■ " 

FIGURE 10 :llustrHtcs a system control Web page which is accessed through the Web home page of FIGURE 4. 
FIGURE 1 1 Illustrates ri WcD nomc page of a network ol ultrasound systems constructed in accordance with the 
principles ol the present invention 
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FIGURE ' 2 ttiusirates h cnUeni directory Web prige ol one system of the network of ultrasound systems which is 
-iccosscd thfou-^n the ticiwcrk homo page of FIGURE 11 

r IGLPE 13 iilusiraics ancthcr oaticni directory Web page of a central sea'cr which is accessed through the network 

"Orrr! onqc ot FIGURE 1 * 

s riGLRE 1 4 tilLGi.-rites a pHtisnt diroctorv Web page of one of the systems on a network which ts accessed through 

:-o r.r.vcfr Drittont clTOcicry Wob page of FIGURE 13. 

r.'t ii .r-E : 5 njsirfli--5s in biock diagram form a local network of ultrasound systems. 

riCU-E ^'j !.u:.vi:os ir. Diock diagram form a local network of ultrasound systems connected by a gateway to the 

'0 FIGURE 1 7 liusirHies m olock diagram (orma local network of ultrasound systems connected by a network modem 

to a ::orsonal computer remote from tnc network 

ruinsnq lirst to FIGURE 1. an ultrasonic diagnostic imaging system 10 which is consiructed in accordance with 
ihc ortnciples of the present invention is shown in the upper half of the drawing in block diagram form The ultrasound 
system 1 0 is constructed to be accessed by a personal computer 1 00 which is remotely located The ultrasound system 
1 0 includes a number of conventional components, including a scanhead 1 2 which transmits ultrasonic waves into the 
body ot a patient receives echoes returning from the interaction ol the transmitted waves with internal organs and 
tissue of ihe body, and converts the received echoes into electrical echo signals The electrical echo signals are ap- 
propriately delayed and combined by a beamformer 12 to form coherent beams of echo information. The beams of 

'0 echo information arc processed by an image processor 16 to form ultrasonic images, which are stored in an image 
store panition 24a of a storage medium 24 The images may also be further processed by a video processor (not 
shown) to be placed in a raster format suitable for display on a system display 26. 

The operation of the ultrasound system 10 is under the control ot a control panel 20. The control panel 20 also 
enables a user to prepare diagnostic reports of the uttrasound exams performed, using a report generator software 

25 package 22 which ts stored m the ultrasound system. The diagnostic reports may be displayed or printed out on a 
printer (not shown), and may also be stored in a report store partition 24b of the storage medium 24. 

In accordance with the principles of the present invention the ultrasound system of FIGURE 1 further includes a 
HyperText Transport Protocol (HTTP) sen/er 30. The HTTP server is connected to access ultrasonic images and reports 
from the storage medium 24. and makes the system's images and reports accessible to a personal computer, terminal. 

30 or workstation at a remote location In FIGURE 1 the server 30 is connected by a modem 32 to a wire (42) or wireless 
(44) communication network 40. The server 30 makes the diagnostic information of the ultrasound system 10 available 
to users connected to access the ultrasound system through the communication network 40. 

The terminal of one such user is shown in the lower hall of FIGURE 1 This user has a commercially available 
personal computer (PC) 100. including a PC processor 102. a monitor 108. and a keyboard 110. Installed on the 

-'5 personal computer 100 is a commercially available Web browser 104 and network software 106, which enable the user 
!o access the World Wide Web of the Internet through a modem 1 32 The user is thus able to use the commercially 
available PC hardware and software to communicate over the Internet with the uttrasound system through the server 30. 

The well known Internet is the result of developments known as internetwork technology, which enables computers 
and compuier networks at one location to communicate with computers and computer networks at other locations. 

-0 3asic development of internetworking technology began in the 1 960's under the leadership of the Defense Advanced 
Research ProiGcis Agency (DARPA) of the U S. government, which was responding to the needs of scientists and the 
military to be aolc to exchange information over a computer network. Two basic approaches to communications net- 
works v.'crc possible, circuit -switched networks and packet-switched networks. A circuit -switched network operates by 
tof fr.mg H dedicated circuit between two points An example of a circuit-switched network is the U.S. telephone network 
Once a tolophono calfcr has been connected to another telephone by switching technology the capacity of that circuit 
•s established and is not diminished by any other use of the network Thus the advantage of circuit switching is a 
cjuHr.Hniee ol capacity once the circuit is completed. The disadvantage ts cost, for circuit costs are fixed, regardless of 
iro 'ovcl ol network utilization 

Packet-switching employs a different approach, A message from one network user to another is broken up into 

^0 ciscroio 'jnits of information called packets The packets are directed across the network from the sender's location to 
thiii c( the receiver by high speed routers which search the network for a pathway from sender to receiver At the 
.'ocoivor's 'ccaiion the individual packets are received and reassemoled to reform the original message The advantage 
(Jl p/)Ckt.n-sv;itchin[) :^ lhat the network can handle many messages at one time by interleaving packets from different' 
senders fhc disacvantaqc of packet-swrtchtng is that as utilization ot ihc network increases, higher volume traffic will 

^3 slow the time roquuod to send all of the packets ol a message across the network 

The packet-switchinq rjpproach became the choice for iniornctworked computers due to advantages of cost and 
pcrtorm;inco Since many computers can share a network and can communicate rapidly m short packet bursts, the 
cosis of dedicated circuits aro avoided Moreover, demands lor greater caoHCity are met by ever-increasing computer 
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porlcfmanco Acvrinces n comouier technology pfovico ihe ability to handle higher volumes ol data al over increasing 
'<^:os c( dritfT ;r;jnsfer 

C An PA'S task was :o connect nurr.crous government and civilian computer networks m one unitying intcrconnec- 
; cn ol nop.voiks or ^n:ornoi An 'niernel is a group ol inicrconnected networks that operate m a coordinated manner 
Sc'-o cl :ro -nos! ;nroor:ani coveicDments '//hicn make internets possible came from research projects initiated by 
O^R-A '->-s -oscarch rvic a very significant -'osuit ii established networking standards tor packet-switching networks 
:o corrrr.*j"ic:-i!o .vnh c-.-iCh cinor independent of the charHCtensdcs of [heir underlying hardware These standards 
alicw u-n voi conn.-nLnication among comouter networks, while allowing individual users to employ {or continue using) 
nnrcwaro ci :rci' C'.*-'^ croccmg The commcn standards allow particioants to tndividuaily employ and administer their 
own notwof ^ nafdv/nrc while seamlessly tnterHCting wiin data from a universe of other users This achievement led to 
;hc creation of -he most lamous internet connection, now commonly known as the Internet and its World Wide Web of 
iniorconnections The present invention applies the Internet advantage of universal connecttbilily. and the benefits of 
the World Wide Web. to ultrasound to enhance the practice of diagnostic uttrasound by. the physician and system 
serviceability by an ultrasound technician 

The Iniernet. as mentioned above is a network of networks which facilitates the transfer of data among numerous 
users who are connected to the network The World Wide Web (the "Web*) is the name ol a high level user interface 
which has been created on the Internet to nnake transfers ol data easier and more logical. The Web provides users 
with a distributed menu system Menu pages or screens are displayed to users through which the user can easily 
request information from another computer.,or host The major power ol the Web is the ability to nonlinearly link or 
jump from one set of information to another through display elements called hypertext links. When a screen displays 
something in the characteristic of a hypertext link, generally blue text or a colored outline of a graphic, the user has 
the ability to click on the hypertext element and immediately be transferred to the data or information identified by the 
hypertext, whether the data is at the same host as the displayed information or at some other host location somewhere 
else in the world The user has the ability to thereafter click back to the original screen display, or follow a sequence 
of links to sought -after infonmation which can then be transmined. or downloaded, from that host. On the Internet. Web 
addresses with the prefix "http://" denote Web screens with hypertext linking capability which conform to the published 
'RFC standards ol the Internet Engineering Task Force. Through hypertext linking a user is quickly able to follow 
pointers and references to the exact information being sought. The information returned through these links can be 
encoded to be reproduced in numerous formats, including text documents, images, graphics, video displays, and even 
audio This power of the Web's hypertext linking is brought directly to ultrasound systems and diagnostic ultrasound 
information by the present invention. 

Turning now to FIGURE 2. a more detailed block diagram of an ultrasound system constructed in accordance with 
the principles of the present invention is shown The interlace by which the system physically connects to the network 
IS called a port. In FIGURE 2 the ultrasound system is connected to an internetwork through a serial port 31 . A common 
hardware device that translates between the digital domain ol the ultrasound system and the analog domain of a 
telephone system is called a modem (modulator/demodulator). The modem 32 converts serial digital data from the 
serial port 3i into analog signals suitable for transmission over telephone lines The modem also translates incoming 
analog telephone signals into digital data for passage through the serial port 31 and use by the uttrasound system. A 
suitable modem is available from Hayes Microcomputer Products, Inc , which has established standards used by a 
number of modem manufacturers 

Connmunication with the modem 32 is established by software known as PPP (point-to-point protocol) software as 
shown in block 4c of the drawing. PPP is a standard that enables multiple network protocols to be used over a modem 
tine or other serial connection. Other standards can be used such as SLIP (Serial Line Internet Protocol), a standard 
!hHi permits a communications protocol known as TCP/IP (discussed below) to be used over a modem line or other 
senal connection, or CSLIP (Compressed Serial Line Internet Protocol), a specialized form of SLIP After the PPP 
soitv/are has been installed in the uttrasound system, it must be initialized or configured for the ultrasound system and 
modem with which it is operating. Configuration information controls the PPP software to be compatible with charac- 
:or!Siics such as the serial port being used, the type c( modem used the ohono line, host telephone number and dialing 
mcihod. and login procedures and passwords in general the configuration information provides settings relating to 
•nitiHiing h network conneclion. when a connection is mitinlod ar.d whnt happens altera connection has been estab- 
=i3hcc - PP software IS incorporated in some operating syo-om software packages such as Windows 95 from Microsoft 
CorpQfaticn of Redmond Washington lor iBM-compatible PCs P^P so'lware lor Apple personalcomputers is available 
^.'Ofn InterCcn Systems Corporation ol Herndon. Virginia imcng others 

One ol tnc accomplishments of the DARPA roscarcn project in internetworking was the establishment ol a set of 
widely usee network protocols called the TCP/IP Internet Protocol Suite TCP'IP is named after its two most commonly 
used protocols, the Internet Protocol (IP) and the Transmission Control Protocoi(TCP). The IP protocol controls the 
routine} ol data and the TCP protocol controls thetransJoi of d.'ita TCP-'lP orovides a common means of interconnection 
through packet trnnslor devices known asgntev/Hys A c?un\vrv/ -> h socc:Hli/ed mtcf networking computer ihnt connects 
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iwo Of ^otQ noiworks cind 'cuies packets of data between ihem 

When the ufirasound sysiem has data tt wishes to transfer over the Internet, the data is passed to TCPAP as shown 
in D ock -:5 ot ino crawmq fC? encapsulates data into scgnncnts called TCP packets with header information that is 
usee 10 i.'-ick cnock nncJ o»cier the c^ta segments m the proper sequence Smce a block ol data is transmitted over 
;hc rto.-noi in d-scroio pcicKots .ndividual ones of which may be routed differently by gateways, there is no assurance 
:r^{ -ro Sricots .viii arrtvo ^t ;hoir aestination in the proper order or without errors The TCP packets provide a means 
of assuMrc Dr,-'.o\ cio.tvcry mtegrUy. and sorting order At the receiving end the packets are checked for errors in 
acccr>:r.co "o top o^xkei header information, error-free segments are acknowledged, and the packets are put 
in orccr :o fo iioo-ri:.:o :no original block cf data. The sender keeps track of segment acknowledgments, and if a 
scgrrcni is nc: :..'noly -.cknowledgeo ihe sender retransmits the packet If a segment is lost on initial transmission or 
rccciveo out ot order. TCP holds Ihe received segments until alt segments are accounted lor at the received end. at 
whicn i:me ihoy may be ordered in their proper and complete sequence for reassembly of the original block of data 

At the transmitting end. TCP packets are passed to IP. which puts the segments into the form of IP packets or 
datagrams The datagram contains an IP header which provides addressing information used by gateways to route 
Ihe datagram to us proper destination The IP header contains the source and destination Internet addresses to enable 
gateways ;o properly route the data, and the receiver to acknowledge receipt ot the datagram. IP makes a best-effort 
attempt to deliver all datagrams, but does not assure their delivery Assurance ol delivery is provided by TCP through 
acknowledgment and retransmission as described above 

Like the PPP software, the TCP/IP needs to be configured (or the particular ultrasound system and its environment. 
Typical configuration information for TCP/IP includes information on the type of local network if the ultrasound system 
IS locally networked with other ultrasound machines (e g.. Ethernet or token ring network), information as to the ad- 
dresses of other systems on the local network, the gateway address if the system is perlorming a router function, the 
user name of the ultrasound machine and access password, the address of the servers on the ultrasound system, the 
Internet address (IP address) for the ultrasound system, and the default donnain for the local network. Like PPR TCP/ 
IP software also comes with some system software packages such as Windows 95, and is available for Apple computers 
from InterCon 

A key to successful operation of any internet, and the Internet in particular, is the need lor a unique address for 
every system, or 'host.' which is directly connected to the internet. Every user which connects directly to the Internet 
must obtain an IP address from a central authority known as the Network Information Center (NIC), which utilizes 

30 computerized mediation to assign IP addresses to those requesting them. An IP address is 32 bits in length, and is 
expressed m four decimal notations of groups of eight bits, separated by periods, such as 699.59.9.114 {an invalid IP 
address used as an example herein). IP addresses are classed by the size of the network connected to the Internet, 
with Class A addresses reserved for very large networks. Class B addresses for medium -sized networks (255 to 65,000 
users) such as a university network, and Class C addresses for small networks (less than 256 users) such as a radiology 

3S clinic or hospital 

Significantly. IP addresses do not specify an individual computer or machine, rather, they specify a connection to the 
Internet. If an ultrasound machine has two network connections to the Internet, each must have a unique IP address. 
A corollary of this aspect is that a local network can employ subnetwork addressing in which each local machine has 
a subnetwork address, with the network being connected to the Internet at a smgte host connection with an IP address 

•io which provides access for all local systems to the internet. Subnetwork addressing is permissible when the subad- 
dresses of ;hG network are not visible to users of the internet itself 

Another type of permitted Internet addressing which the NIC administers is domain name addressing. Since many 
users would orofer bomg addressed by meaningful words of a language rather than numbers, the NIC can assign a 
user H cornhin and a suboomain name, with the user free to add further subdomain names for which it has mapping 

-5 responsibility for its network The domain is the major classification, with commercial users being assigned the domain 
name COW. educational institutions the domain name EDU. government institutions the domain name GOV. and so 
forih .A hypothetical domain name for the ultrasound department of a Veterans Administration hospital owned by the 
U S qcvcrnmcnt might bo ULTRASOUND. VAHOSPITAL GOV. lor instance 

In FIGURE 2 TCP/IP is connected to a local network medium, in this case an Ethernet connection 50 The Ethernet 

so connection 50 connects Ihe ultrasound system toother systems on h IochI network In an Ethernet network the systems 
on the network must bo '.vtthin a maximum allowable distance of each other and arc all connected to the same physical 
network v;ir:nq DHia can bo trnnsmilled on the Ethernet network at high speed (previously tO IWegabits per second; 
cufront vorsiono n^^ve sDceds of up to 100 Megabits per second), with each system permitted to transmit only when 
no o;hcr system is currently transmitting over the system A technique called Carrier Sense Multiple Access with Col- 

ss !is:on Avoic^inco iCSMA-CA) prevents two systems from usmg Ihe network wiring simultaneously The ultrasound sys- 
tom may bo connccied m other types of local networks such as ri token ring network, in which all systems are connected 
in a continuous ch;tin wmch passes intormatton through every system on the network TCP/IP is configured m the 
illustrated embodiment tor communication over Ihe local Ethernet, a over the worldwide Internet 
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Inieracitng wiih the TCP/IP and PPP network sofiware is the HTTP server 30 The HTTP server is a software 
program wnh when a WeD browser communicates to access rnformation from the uttrasound system The HTTP server 
rcsoonds to external requests by displaying Web pages ol rnlormation and hypertext connections to additional Web 
pnges nnd mlormaiion such as ultrasound images and reports The HTTP server also responds to external requests 
!o perlcm a specific action associated with a button or control on the ultrasound system, as described more fully below 

A constructed embcoiment of the present invention uses a popular Web server known as Apache, which was 
corr.piicd dnd insidiled on the ultrasound system The Apache server is public domain software which may be down- 
ioaded from :ne Internet at the address http //www apache org/, and conforms to NCSA standards. Care must be taken 
when :io'.^,'r\c^.cing soltwarc particularly tor commercial use so that the copyright laws and the rights of software 
owners Hnd developers are properly observed 

The server, like the previously described sofiware, must be specially configured, for the ultrasound system. The 
Apache server has over 250 directives lor configuring the sender (or its intended application. One important configuration 
.'lie ol Apache deals with security This configuration die controls the access of outsiders to elements of and information 
on the ultrasound system Access may be limited to specified drives, directories and files of the ultrasound system, 
and limited to reading only Access may also be restricted to certain users and certain numbers of simultaneous users, 
and passwords required The server records the location ol the logfile. the file of users who have accessed the system. 
The configuration files identify the port number used by the sen/er and the administrator of the server. The configuration 
files store the location of files used by the sen/er, including the sen/er root directory and the addresses of Web pages 
and CGI programs (described below) which.are used by the server Other characteristics for which the sen/er may be 
configured include such features as multilingual capability. 

In response to external requests the HTTP server 30 transmits HyperText Markup Language (HTML) pages 34 to 
an inquiring Web browser. HTML pages describe what the Web browser will display on the screen at the remote terminal, 
including buttons, text, images, animated real time loops of images, sounds, and so forth. HTML pages may be directly 
encoded in software by foltowing the instruction published in a number of reference texts such as HTML and CGI 
Unleashed, by John December and Mark Ginsburg. published by Sams.net Publishing. Indianapolis. Indiana. Simple 
HTML pages may be written using commercially available desk-top publishing and word processing sofiware. then 
encoded in HTML form using software known as the Internet Assistant, which may be downloaded through Microsoft's 
homepage at vvww.microsoft.com. Alternatively, public domain software known as •Webnnaker" may be downloaded 
from the Internet and used to make Web pages Web pages contain HTML tags ol data which describe how the page 
is to be interpreted by a Web browser at the remote terminal Links to ultrasound image files are provided by IMG tags 
in the Web page code An HREF hypertext reference provides a means for linking to other Web pages on the same 
ultrasound machine, or to Web pages on any other host machine on the network or Web. Once the HTML pages are 
created they are copied to the ultrasound machine and their storage addresses provided to the HTTP server. Whenever 
a remote terminal asks to view a particular Web page of the ultrasound machine, the HTTP server 30 is responsible 
for finding (he page and sending its contents back to the requester 

The ultrasound system of FIGURE 2 includes a number of small executable programs called Common Gateway 
inicrtace (CGI) programs as shown at 36. The CGI programs provkJe an interface between the HTML pages and the 
hardware and software of the ultrasound system The CGI programs communicate with the ultrasound system, asking 
the systenn to perlorm actions or provide requested information such as images, reports, or current status, tn a con- 
structed embodiment the CGI programs respond to external requests for information by dynamically creating custom 
HTML pages m which the requested information is embedded The foitowing examples illustrate the operation of CGI 
programs that provide patient directories of ultrasound images and reports (patdir). display of a selected ultrasound 
image (dispimage). general purpose programs that execute tasks in response to input arguments (doaction), perform 
system dingnosiics (dodiag). and provide patient directories for h number of ultrasound machines on a network (server- 
dir) 

The CGI programs in the constructed embodiment are stored on the ultrasound system's hard disk in a directory 
called "cgi-bin * In pertormmg their operations the CGI programs access ultrasound images and reports which are 
stored at 24. accesses and executes diagnostic routines stored at 29, and interacts with the controls of the ultrasound 
system through the ultrasound system controller 18 As an example of a CGI program. Table 1 illustrates the coding 
ol a CGI program which fetches an ultrasound im^ge ^nd embeds the image in an HTML page In the constructed 
embodiment (he CGI programs are compiled m the C language for speed of execution and security from remote tam- 
pering CGI programs can also be used to forriiat ultrasound images into a data format that ts compatible with Web 
pfiges In the constructed embodiment such reformaitmg is not necessary, however, since the ultrasound system is 
designed to store ultrasound images in the GIF iGraphic Interchange Formal) format, an imago format which can be 
read by most Web browsers 

The specially modified ultrasound system of FIGURE 2 can be accessedby a standard Internet compatible personal 
computer terminal as shown in FIGURE 3 The personal computer central processing unit (CPU) executes the PC's 
soft'.vare in response to ncttons on the keyboard 110 and riiouse (not shown) and displays ultrasound data and images 
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on the screen o( the monitor t05 The CPU executes the Web browser soUware 104 to access :he internet through 
TCP'IP ^nd PPP protocols 146 an6 149 configured tor the personal computer Connection tea network is through the 
PC's serial Dort i3i and a modem 132 The PC may be networked to other devices through-an Ethernet connection 
150 The TCP/IP ^nd PPP may oe obtained Irom the sources listed above The Web browser soUware 104 may be 
obtainGd from Neiscaoe Communications Corporation of Mountain View. Caltforma or the Internet Explorer browser 
rr.ay oo cotamed ;rom Microsott Ccrporanon and is generally included with Windows 95 operating software It is seen 
;hai no SDOC.Hi harow^fo or sotiware beyond thai wnich is readily commercially available is needed to access the 
'jltrascLr:^ Gys;om the oroscni invention 

Some cxc'.rro cs ct :ho use ct an ultrasound system constructed in accordance with the principles of ihc oroscnt 
.nvontion are showri wrih reference to FIGURES 4 through 14 These figures, except lor reference numerals and the 
excmolary iP address arc actual prints of Web browser screens taken while the browser of a remote terminal was in 
communication with a constructed embodiment of the present invention 

FIGURE 4 snows the home Web page of an ultrasound system constructed tn accordance with the present invention 
and identified as hOl 1000 As the figure shows, this Web homepage was acquired by a Netscape Web browser 
The usual browser control buttons are seen above the Web URL indicator 202. The URL indicator 202 shows the 
address used to contact ultrasound system HDI lOOO which is http //699.59 9 U4/hdi1 html The html suffix on the 
address denotes the display as a hypertext Web page 

In the center of the homepage of FIGURE 4 are three hypertext buttons providing links to other ultrasound infor- 
mation or controls When the user at the remote terminal clicks the first button 204 with a computer mouse or keyboard 
key. View Save/Recall Data, a CGI program "patdif" is executed whicfi creates a patient information Web page in which 
ultrasound images of (he patient are embedded and a hypertext link provided to patient reports on that patient. This 
pattern directory Web page is shown in FIGURE 5 This Web page contains two small ultrasound images 212 and 2i 4 
which were obtained from the ultrasound system's image store 24a. The remote terminal user may click on either ol 
these small images to see a full size rendering of the image with its original innage quality, or play the real time image 
sequence represented by the small image The remote terminal makes an election of ttiese options by clicking on the 
'Image" or "Cmeioop' options above the small images When the remote terminal user clicks on 'Image' and then on 
the small image 212, the HTTP server 30 ol the ultrasound system returns a Web page with a large rendition of the 
selected image as shown in FIGURE 6. The address bar in FIGURE 6 sinows that the ultrasound system has iransmmed 
an image identified as "DAT_SR_r. which is stored in the 'GIF' image format. For speed of transmission the small 
images of the patient directory of FIGURE 5 can be compressed and readable in accordance with the JPEG standard, 
whereas the full size image of FIGURE 6 is transmitted without loss of image quality using the GIF image format 

By clicking on the browser's "Back' buHon at the upper left of FIGURE 6 the remote terminal user returns to the 
Web page of FIGURE 5. The remote terminal user can now click on the Patient Report bunon 216 In response to 
activation of this hypertext link button, the HTTP server 30 causes the execution of a CGI program called "prtreport/ 
which retrieves diagnostic reports for the identified patient which are stored in storage 24b and embeds them in a Web 
page for transmission by the server The server returns the Web page shown in FIGURE 7. which contains patient 
report mlormation The Internet functionality which is brought to ultrasound by the present invention provides a further 
feature which is the capability (or the remote terminal user to fashion a new patient report or edit an old one. On the 
same terminal the remote terminal user opens a word processing application Using the "Edit" feature at the top of the 
browser in FIGURES 6 and 7. the remote terminal user copies the ultrasound image and the patient report, and tn turn 
pastes them inio a word processing document. The remote terminal user can. for instance, paste the ultrasound image 
first, then the patient report below the image The user can then edit the text file of the patient report, modifying the 
received rcDort or creating a new one. Using graphics features of the word processing program the remote terminal 
user chn circle, draw on. or point to specific lealures of the ultrasound image for easy reference from the report The 
new ropcrt can be (Med away on the remote terminal or to a remote location, or even e-mailed over the Internet directly 
trom inc remote user's terminal to a referring physician Additionally, the patient report with its images can be primed 
out directly from a computer printer connected to the remote user's terminal 

Using the Back button again (or an appropriate hyperlink), the remote terminal user can return to the homepage 
ol ^!GURE 4 When the remote terminal user clicks on !he second hypertext bunon 205 Perform System Diagnostics, 
the HTTP server 30 transmits the linked system diagnostics menu Web page shown in FIGURE 9 E^ich of the hypertext 
linked buttons on the system ciagnostics menu will cause the execution of a CGI program "dodiag" with a different 
cjrgumcnt which causes the ultrasound system to perform a system diagnostic or display system status information 
Such r'is test and error logs Those remote control functions are desirable when performing remote diagnosis of the 
opor.'iDility of the ultrasound system For instance, clicking on button 222. Perform Configuration Test, causes 'ho 
coding CGI progrnm to execute the ultrasound system's stored ultrasound diagnostic routines 23 and return a Wob 
page containing a icq of the resulls of those tests as shown in FIGURE 9 

The ability to corform ciaqnoGtic tests on iho ultrasound system remotely is especially useful foftowing the romotc 
•nsiHili^tton of 'jitfHsound soltwnre upgrades After Iho now soff.vHio is installed ihis capability is used to execute h 
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sysiem ciagnosiic rouimo wmch exercises Iho now scflware and validates tis performance As m FIGURE 9 the results 
of tnese vaud^tion tests are returned to iMe remoiely located installer, verifying the successful installation of the new 
soiv.varc 

Ar.otncf ZHOhbil'Ay cf (ho system diagnostics menu of FIGURE 3 which is especially useful lor ultrasound software 
-pa-Ados s O'jr.on 224. Show System Version .Numbers Clicking on this button causes the ultrasound diagnostics 
pfocfr^-ns :o .-oiurn the .ovol or version numbers ot the software installed in the ultrasound system Knowing the current 
vorsion Of iovoi o\ Iho uHr^sound system sollware ts a necessary prerequisite to the installation ol any ultrasound 
sys:em ..cGr'"iJo 

The -one Sy::o'r! Diagnostics functions can bo oorlormcd by an on-site serviceman using a laptop computer 
When :r.e servicomHti 's with the uilrascund system there is no need lor modem interconnection the network link can 
be made circctly In this case a cable is connected from the serial port 131 of the laptop computer (FIGURE 3) to the 
serial pon 31 of tne uilrasound syslem (FIGURE 2) Alternately ol course, the Ethernet connections 50 and 150 could 
be interconnected In either case, access and interrogation ol the ultrasound system by the repairman proceeds as 
described above, but at the much faster data rate of a direct network connection. Thus, a visiting serviceman can use 
his laptop computer to perform system diagnostics, check error logs, verily configurations and software levels, and 
other system maintenance and repatr activities 

Clicking Back to the ultrasound system's homepage ol FIGURE 4 it is seen thai a third hypertext button 208 is 
available. System Operation Control Clicking on this button 203 causes the HTTP server 30 to execute a CGI program 
called 'sysconirol' The syscontrol CGI program creates a Web page in which is embedded the ultrasound image most 
recently produced by the ultrasound system as shown in the center of FIGURE 10. To the right of and below the 
ultrasound image are displayed user controls of the ultrasound system. The displayed controls of the ultrasound system 
are all hypertext graphics. Clicking on these buttons causes the syscontrol CGI program to command the ultrasound 
system controller 1 8 to change the operation of the ultrasound system in accordance with the function of the selected 
control In the constructed embodiment the buttons to the right of the ultrasound image depict the system's hardkey 
mode control switches, and the buttons below the image depict softkey controls used to change system parameters 
operable in the selected mode. The lowest depicted hardkey. Update, is not an ultrasound system control, but a control 
for this remote control feature of the present invention Clicking on Update will cause the HTTP sen/er and CGI programs 
ol the ultrasound system to update the remotely displayed image with the ultrasound image produced most recently 
by the; ultrasound system. 

These capabilities mean that a physician can perform an ultrasound exam from distances of thousands of miles 
from the patient, needing only a pair of hands at the patient's location to hold and manipulate the ultrasound probe. 
The skills of eminent radiologists and echocardiologists can now be brought to bear on a diagnoslk: situation anywhere 
m the world Any EWT or medical corpsman can hold and manipulate the probe as directed by the remotely located 
physician while the physician controls the operation of the machine to produce the best, most diagnostic ultrasound 
image Since the internet connection can send and receive audio as well as video information, the instructions of the 
physician to the holder of the ultrasound probe can be sent over the same Internet connection as the ultrasound infor- 
mation The physician can switch back and forth between the 20 and Color modes or any other desired mode, alter- 
nately studying tissue structure and blood flow conditions In another embodiment the physician could switch between 
individual 2D images of a sequence of spatially different images and the 3D mode, where the sequence of spatially 
Ctscrotc images can be rendered in a three dimensional presentation. Difficult diagnostic cases can be directed to the 
most HDpropri^te specialist for that case type on a momeni's notice Telemedicine embraces tetexamination, as the 
roacn of tr-o diagnosing physician is now unbounded by geography. 

In :hc constructed embodiment, the ultrasound system itself is based upon a personal computer architecture and 
carries cut the functions of the ultrasound machine with a multi-iasking operating system, as described in U.S. Pat 
{.ipoi 5N ATL-140]. filed September 12. 1996 This operating architecture makes it possible for the ultrasound system 
:o be used for diagnostic exams in the normal manner while a remote terminal user simultaneously interrogates the 
uliiasound system for images, reports, and information The mulli-tasking operating system enables the central proc- 
0G9C.'' of the ultrasound system to carry out normal ultrasonic imaging tasks and network communications tasks in a 
t;:no mtorieaved manner. To the operator at -he system and the inierrogator at the remote terminal, their separate 
ii^ncttons appear to each of them to be executed m real time without confltci with the activities of the other This means, 
for in:-tFir.co that a physician can monitor the progress of an ultrasonographcr operating the ultrasound system, rc- 
'.'•ovin:; -mages tor diagnosis and patient repons from the ultrasound system for one patient while the ullrasonographer 
is in :hG ofocoss of conducting a diagnostic examination of another patient. 

The ^ccgotng Web browser screens were acquired from the network server of an individual ultrasound system 
As indicated above it is also possible to connoct a numnor ol ultrasound systems in a local network which utilizes a 
Gipgle sen/er connected to the Internet. The local network server includes the communication elements 30. 31. 34, 36. 
45 vind 4c cl the ultrasound system of FIGURE 2 The Wco homepage of such a local network of ultrasound systems 
•s sho.vn in FIGURE 11 As the Netscape acdross bar shews the fomoie terminal user's Web browser is accessing 
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:he IP ?^ddros5 59^ 59 ^ i M ol iho HQi Server Jor :hG local network The HDI Server 234 is the only macrfro *.vith d 
corrccuon lo and address on me •r^ornoi ine uluasouna systems all have subnetwork addresses on the tocai network. 
S JC.-i dS ncil hai2 ndi3 etc v,h:cn r,ro administered by the HDI Server 234 The local network server is depicted m 
',^0 )owg: gfHohic 234- ol To oomeDHcjo ^nd ?ibove the server are graphics (or eight uilrasound systems connected 
:o tccai lotwcrk Two z\ :he .iir.-iscund systems. HDI 1000 1 and HDI 1000 #7. are seen to be highlighted wnh a 
soc-rrcor I-^is hiqhl-qni'pq ^ppoars a bright color on the Web browser screen and indicates that these two systems 
rtf 0 currc-niiy ac:ivo cn :he local network Clicking cn either ol them will take the remote terminal user to ihe homepage 
:or :nc :-c o::od iys:om C'tcKing the qrapmc for HQI lOOO f?? system will execute an HREF link on the local network 
^er/or to mo ri ■ '? :o:v.:r ci mc HOI lOOO ^7 system which will return the system homepage as shown \n FIGURE 
12 Frcrn ;his homepage lor the ^J? system the remote terminal user can access patient reports and images delete 
oxams from system storage perform system diagnostics, or connect directly to System Operation Control to control 
•he operation of the HDI 1000 if? system 

An advantage of the local network is that all systems on the network can utilize the local server to store ultrasound 
images and patient reports making them accessible to remotely located diagnosing physicians even when the ultra- 
sound systems are not m operation When all of the network's ultrasound systems use the HDI Server 234 lor storage 
of their diagnostic results, ail of this information will be accessible over the Internet even when the ultrasound systems 
are disconnected for use elsewhere or turned ott at the end ol a day. A remote user tGrminal can connect to the HTTP 
server 30 of the HDI Sen/er 234 and. at the homepage of FIGURE 1 1 , click on the HDI Server graphic 234 to take the 
remote user to the patient directory Web page shown in FIGURE 1 3. This patient directofy page lists the names of ail 
patients with reports or images stored on the local network HDI Server 234, and the identity of the uilrasound system 
on which the palient was examined The remote terminal user can click on a patient's name to access the reports and 
ultrasound images from that patienfs exams, or delete the patient's records from the HDI Server 234 after they have 
been reviewed by the physician or archived. At the bottom of the screen the user is able to link to the ultrasound 
systems which are presently active on the local network, if the remote terminal user Selects the name of a palient on 
the Web page ol FIGURE 13. the images and reports of the selected patient are retrieved and displayed by the local 
network server as shown by the patient directory screen of FIGURE 14, As in the case of the Web page of FIGURE 
5. hypertext links are made to uilrasound images and reports from the patient directory page. 

A number of local ultrasound network configurations are shown in FIGURES 15-17. In FIGURE 15, four uilrasound 
systems, a personal computer 244. and a local network server 242 are connected in a local network by a hub 240 
The hub 240 is a simple device for interconnecting several serial data lines and is commercially available for a cost of 
about S250 from Faraiion Corporation The local network server 242 hardware can be no more than a personal computer 
with the network communications elements listed above and with extended storage for retention of a large volume of 
ultrasound images and reports stored by the network's ultrasound systems. A user at the personal computer 244 can 
access the local network server and individual active ultrasound systems of this local network, or "intranetworkV in the 
same manner as described above for the e)(ternal!y accessible 'internetwork.' 

The network arrangement of FIGURE 16 is similar to that of FIGURE 15. except that the local network is now 
internet accessible through a gateway 250 Since it is expected that most physicians will not want to administer and 
maintain their own gateways and routers, the gateway will most commonly be effected through modem or high data 
rate connection to an internet sen/ice provider For a tow monthly service charge the internet service provider can deal 
'.viih the internetworking intricacies in which the physician has great reliance but tittle operational interest. 

Finally. FIGURE 17 illustrates a network configuration by which a physician can directly access his ultrasound 
system network, with or without the Internet The hub 240 is connected to a net/modem 252 which can be accessed 
over wireless or telephone networks 40 from a remote personal computer 100. Using high level communication pro- 
tocols such rts File Transfer Protocol (FTP) or Network File Sharing (NFS) which use the lower level TCP/IP as a 
foundation, the physician can dial into his network directly and access diagnostic inlormation. without the need for 
itMernet access. For users who require only specific limited access to their uilrasound system networks, the arrange- 
ment of FIGURE 17 provides an easy and secure means for a physician to remotely access his ultrasound system 
f^.ct.vork and its information 

The internet and World Wide Web ultrasound capabilities of the present invention, when embodied in the form of 
sotl'.vHre, can be easily installed hs an upgrade to nn existing ultrasound system without these capabilities either by 
circcily insiailinq the soltwrjrc m the ultrasound system dnd connecting a modem or network hardware Installation of 
[ho scfiv/are upgrade can even be done remotely as described m EP-A-97301 270 1 

or simple tnsiruc:ions given to the uHrasour^d system owner by the system manufacturer lo enable the owner :o 
install mc capability himscll 
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TABLE 1 



SPilftnaraa: p*tdlr.c 5 

(C) Copyright 1996 Advanced Technoio9y Lata 
AJ 1 Rights Reserved 

1 "Je <MX':c/ ■: j-pes . h> 
»ir.ciu:le <do5/do3.h> 
((include -:3Cdio.h> 
rwiintint «cgc,char **acgvf 

( 

ULONC h_couiit , i; 
h_count - 0; 
i f ( Ope a_Re sources { ) \ 
t 

/• Header •/ 
/' •/ 

printf ("Content- type: text/htnlftcftc", 10, 10) ; 
prlntC ( "<HTML>\n- ) ; 
printf (■<BODY>\n") ; 

/* For each of the '.gif files chat were saved, display */ 
/* a thumbnail image on the browser. */ 
/* / 

for (i-0;i<Count;i++) 

lf(h_count 0) 
( 

printf {"<TR><TD XLIGN-\-CENTER\ " VALIGN«»\"BOTT0M\" WIDTH«97>\n") ; 

\ 

else 

{ 

printf ("<TD ALIGN- \ -CEHTER\- VXLIGN-\"BOTTOM\ " WIDTH-99>\n'' ) ; 

20 > 

printf ('*<H6><CE>rrER><A HREF-\"di3pimage?recall/nAT_SR_ftd. gif\->\n*', (i+l) ) ; 
printf ("<IMG SRC-\ "%/ recall /CAT_SR_%d. gif\" ALT-\"IinAge ftd\ "></A>\n" , (i + 1 ) , (i + 1 ) ) 
printf ("<BR>%d</CEWTERx/H6x/TD>\n", U+1) ) ; 
h_count-t-+; 
If (h_count =6) 
i 

J5 printf ("</TR>\n" I ; 

h_count -0; 

1 

/* Header Tail */ 

/• / 

printf ("</BODY>\n-| ; 
printf ( "</HT>a>\n") ; 

1 

Close Rescurces ( ) ; 



Claims 

t A modtcal diagnostic ultrasound system which obtains ^nd stores diagnostic ultrasound images or diagnostic re- 
::or;s. compnstng 

.-in HTTP server and 

f'X\']r';G 'or connGcting said HTTP server to a nef.vcik. 

vy-ncrGby said images or reports are remotely accessible Ihrough said HTTP server 

2. I no mccicai diagnostic ultrasound system of Claim t . wherein said moans lor connecting said server to a network 
wGinofiscs rCP'iP soltwatc 
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3. The medtcai diagnosiic ultrasound sysiem of Claim 2, wherein said means (or connecting sard server to a network 
luriher comprises PPP software 

4. Tho medical diagnostic ultrasound sysiem ol Claim i . (uriher comprising a stored HTML page and accessible by 
5rjid server for transmission to a remote terminal 

5. FhG medical diagnostic ultrasound system ol Claim 1 further comprising a siored CGI program and accessible by 

said Gorvcr 

6. A medical diagnostic ultrasound system which obtains and stores diagnostic ultrasound images or diagnostic re- 
porls, said system comprising 

means for storing diagnostic ultrasound images or diagnostic reports produced by satd ultrasound system, 
means for compatibly connecting said ultrasonic diagnosiic system to the Internet; and 
means for making said stored diagnostic ultrasound images or diagnostic reports accessible to users through 
said means for compatibly connecting. 

whereby stored ultrasound images or reports are remotely accessible over the Internet. 

7. The medical diagnostic ultrasound system ol Claim 6. wherein said means for compatibly connecting comprises 
TCP/IP software. 

8. The medical diagnostic ultrasound system of Claim 7. wherein said means lor compatibly connecting lurther com- 
prises PPP software 

9. The medical diagnostic ultrasound system of Claim 6. further comprising a stored HTML page and accessible by 
said server for transmission to a remote terminal. 

1 0. The medical diagnostic ultrasound system of Claim 9, further comprising a stored CGI program and accessible by 
said server 

11. A medical diagnostic ultrasound system which obtains and stores diagnosiic ultrasound images or diagnostic re- 
ports, said system comprising; 

a connectton to a network; and 

means for transmitting Web data over said network which provides access to ultrasound images or reports 
stored by said ultrasonic diagnostic sysiem. 

whereby utirasound images or reports stored on said system are remotely accessible over said network. 

12. The medical diagnostic ultrasound system of Claim 11, wherein said means lor transmitting Web data over said 
network comprises an HTTP server. 

13. The medical diagnostic ultrasound system of Claim 12. wherein said means for transmitting Web data over said 
nct'.vork further comprises a stored HTML page 

14. A medical diagnostic ultrasound system which obtains and stores diagnostic ultrasound images or diagnostic re- 
ports, said system comprising. 

fTieans lor storing diagnostic ultrasound images or diagnostic reports produced by said ultrasound system 
a connection to a network: and 

H CGI program lor translating diagnostic ultrnsound images or diagnostic reports stored by satd ultrasound 
sysiem !o said network connection 

15. The medical diagnostic ultrasound system ol Claim 1 4. wherein said CGI program comprises means (or accessing 
ultrasound image or diagnostic report files (or access over said network connection 

1 6. The mediCril dingnostic ultrasound sysiem of Clairn 1 4 '.vhorom said CGi program comprises means (or accessing 
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diagnostic mlornnation of said ultrasound system over said network connection 

17. The medical diagnostic ultrasound 5ys;cm ol Claim i5 'Atiercm said CGI program comprises means tor executing 
uiit.-.souno sysiern diagnostic software of said ultrasound system over satd network connection 

18. A rrcd'c-.i ctaqnostic ulirasound system which ooiains and stores diagnostic ultrasound images or diagnostic re- 
ports Snu: system comprising 

"o.iri 'or siof.ng diagnostic ultrasound innagcs or diagnostic reports produced by said ultrasound system. 
.^ conticciion ;o a network. 

p"c.ins 'or ;ransmuting a screen display over said network connection from said ultrasound system in which 
<^fG cmocdded hypertext hnks to said diagnostic ultrasound images or diagnostic reports. 

whereby ultrasound images or reports stored on said system are remotely accessible over said network. 

19. A medical diagnostic ultrasound system, comprising: 

rrieans for producing a screen dispfay including an image ol a control of said ultrasound system, 
means for connecting said ultrasound system to a remote terminal: and 
moans for transmitting said screen display to said remote terminal. 

whereby said screen display can be used by a user at said remote terminal to control said ultrasound system. 

20. The medical diagnostic ultrasound system of Claim 1 9. wherein said screen display comprises means for controlling 
the mode of said ultrasound system (rom satd remote terminal. 

21. The medical diagnostic ultrasound system of Claim 1 9, wherein said screen display comprises means for controlling 
an image display parameter ol said ultrasound system from said remote terminal. 

22. A medical diagnostic ultrasound system which obtains and stores diagnostic ultrasound Images or diagnostic re- 
ports, comprising. 

server software installed on said ultrasound system; and 
■ means for connecting said server software to a network, 

whereby said images or reports are remotely accessible through said server software 

23. The medical diagnostic ultrasound system of Claim 22, further comprising a stored HTML page and accessible by 
said server for transmission to a remote terminal. 

24. The medical diagnostic ultrasound system of Claim 23. further comprising a stored CGI program and accessible 
oy Sriid sorter 

25. lh'i:r>ociCn\ diagnostic ultrasoundsystem of Claim ll 14, 1 8 or 22 wherein said connection toa network comprises 

3Cfifji oort 

26. The 'nodical diagnostic ultrasound system of Claim 25, wherein said connection to a network further comprises 
TCP/IP software 

27. Tho :nodical diagnostic ultrasound system ol Claim 25. wherein said connection to a network further comprises 
P^P software 

28. A i-^'jcj-c*!! ciagnosiic ultrasound system which obtains and stores diagnostic ultrasound images or diagnostic fc- 
30r;5 lomprismg 

r.ctwork software installed on said ultrasound system for cornmunicaimg with a remote terminal, 
server sotiwarc installed on said ultrasound system and m communication with said network software; 
'1 r.ML p-tgc software stored on said system, and 
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a CGI program accessible by said server software and accessing diagnostic ultrasound innages or diagnostic 
reports of said ultrasound system for transmission by said server software to said remote terminal. 

29. The medical diagnostic ultrasound system of Claim 28. wherein said network software comprises TCP/IP software. 

5 

30. The medical diagnostic ultrasound system of Claim 29. wherein said network software further comprises PPP 
software. 

31. The medical diagnostic ultrasound system of Claim 28= wherein said HTML page software is accessible by said 
TO server software for transmission of an ultrasound image or diagnostic report to a remote terminal. 

32. The medical diagnostic ultrasound system of Claim 4. 9, 13, 23 or 31 , wherein said HTML page further comprises 
a hyperlink to an uttrasound innage file stored by said ultrasound system. 

IS 33. The medical diagnostic ultrasound system of Claim 4. 9, 1 3, 23 or 31 . wherein said HTML page further comprises 
a hyperlink to an uttrasound diagnostic report file stored by said uttrasound system. 

34. The medical diagnostic ultrasound system of Claim 4. 9, 1 3. 23 or 31 , wherein said HTML page further comprises 
a hyperlink to an uttrasound system diagnostic file stored by said ultrasound system. 

20 

35. The medical diagnostic ultrasound system of Claim 4, 9, 13. 23 or 31 , wherein said HTML page further comprises 
a hyperlink to a patient directory stored by said ultrasound system. 

36. The medical diagnostic ultrasound system of Claim 4, 9, 1 3, 23 or 31 , wherein said HTML page further comprises 
25 a hyperlink to an uttrasound system control display screen stored by said ultrasound system. 

37. The medical diagnostic ultrasound system of Claim 6, 1 4, or 18, wherein said means for storing comprises digital 
memory located on said uttrasound system. 

30 38. The medical diagnostic ultrasound system of Claim 6, 14, or 18. wherein said means for storing comprises digital 
memory remotely located from said uttrasound system and connected to said ultrasound system by a network 
connection. 

39. The medical diagnostic uttrasound system of Claim 38, wherein said means for storing comprises a terminal in- 
35 eluding a network server. 

40. A medical diagnostic ultrasound system network comprising: 

a plurality of ultrasound systems, each including network communications software and network server soft- 
40 ware for accessing diagnostic ultrasound images or diagnostic reports produced by said ultrasound system; 

and 

means for connecting said ultrasound systems in a network, 

wherein said diagnostic uttrasound images or diagnostic reports produced by said ultrasound systems are 
45 accessible over said network. 

41. The medical diagnostic ultrasound system network of Claim 40, further comprising a terminal, connected to said 
network, for accessing diagnostic ultrasound images or diagnostic reports produced by said ultrasound systems. 

50 42. The medical diagnostic ultrasound system network of Claim 40, further comprising a central storage device includ- 
ing network communications software for storing diagnostic ultrasound images or diagnostic reports produced by 
said ultrasound systems. 

43. The medical diagnostic ultrasound system network of Claim 42, wherein said central storage device further includes 
55 network server software for accessing diagnostic ultrasound images or diagnostic reports stored on said storage 

device from a remote terminal. 

44. The medical diagnostic ultrasound system network of Claim 41 , wherein said terminal is connected to said ultra- 
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sound System norwot'-^ by rnoans for conneciing to a local relwork 

The rr.cd'c.^l diaqrosuc ultrasound system network ot Claim 41 wncrcin satd terminal is connected to said ultra- 
^riricJ system net wot k ''om h emote location 

;no 'nocfc.^l di^igposiic uitrascund system network of Claim 45 wherem said remote terminal is connected to said 
u 3ys:em rotwork oy a modem 

r.^o -ioc: i-aqr.osiic Jirascund system network ol Claim 4i whcrctn said remote terminal includes a Web 
L\'C'.v30' for c jr-municriiing with said ultrasound system neiv;ofk 
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